TOTAL NONDIALYZABLE SOLIDS (TNDS)
An organic matrix is universally present in mammalian bone, teeth, salivary, biliary, and urinary calculi. Such matrices invariably contain both protein and carbohydrate and appear by gross analyses to be mucosubstances.
The interrelations of organic matrix and crystals of urinary calculi suggest that stone building is a process of crystal growth upon the molecular surfaces and within the interstices of a "preformed" mucoid matrix (1, 2) . "Preformed" here is used in terms of addition of as little as a single molecule or as much as the total matrix mass.
Analyses of total urinary stone matrix suggested that it was not derived from bone matrix but could represent an altered form of the urinary uromucoid which is contained in the R-1 fraction of normal urine (3, 4) . The matrix contained less glucide than normal uromucoid and no sialic acid.
Dulce (5) , Thiele (6) , and Gasser, Brauner and Preisinger (7) have independently concluded from their analyses that mucoproteins of the matrix of calcium stones differ from total colloids in normal urine; hence some process of selectivity is involved. Whether these differences existed prior to stone formation has not been determined. The relative insolubility of stone matrix has hampered study of this material. Anderson The opacity of such suspensions and the uncertainty of using supernates hampered the determination of optimal proportions of antigen and antibody by the classical tube dilution techniques. The 6-well Ouchterlony agar plate was utilized to determine optimal proportions by placing serial dilutions of the matrix suspension in the peripheral wells. Matrix concentrations of 0.5 to 1.0 mg in 0.3 ml distilled water gave optimal concentrations for precipitin reactions with 0.3 ml of unfractionated rabbit immune serum in practically every experiment.
Thirty-seven calcigerous calculi, weighing 1 to 14 g, were studied individually. Eight were "staghorn" calculi containing magnesium ammonium phosphate; 7 were relatively pure calcium phosphate calculi; 10 were mixed phosphate and oxalate calculi; and 12 were principally calcium oxalate. Calcium oxalate and phosphate calculi weighing less than 1 g were pooled according to the major crystalline component, and processed as representative groups. Much matrix material was available as lyophilized powder from previous studies, and pools of matrix stored for 3 to 5 years were found to give immunological reactions equivalent to freshly prepared matrix. No significant differences in immunological reactivity were detected when freshly prepared unlyophilized matrix was compared with lyophilized samples from the same calculus. For convenience, the lyophilized powder was adopted for routine use.
Matrix from pure uric acid or cystine calculi (3) was so insoluble and nondiffusible in agar gel as to preclude study by these methods.
Preparation of other test substances from urine and serum followed the previously described techniques (9) . "TNDS" refers to total nondialyzable solids of urine recovered by Iyophilization of 24-hour urine specimens after dialysis against water in Visking cellophane. "R-l" fraction is that portion of TNDS not ultrafiltrable through collodion membranes of 20 my average pore diameter and insoluble in 0.1 M veronal buffer of pH 8.6. "RS-1" fraction of TNDS is not ultrafiltrable through these collodion membranes but is soluble in veronal buffer. "UF-O" is the portion of TNDS which is filtrable through collodion membranes of 20 mIu average pore diameter. Preparation of substances of bacterial origin. Thioglycolate broth cultures of Aerobacter aerogenes, Proteus mnirabilis and rettgeri, Pseudomonas aeruginosa, Paracolon, Escherichia coli, alpha-eniterococci, and Staphylococcus hemnolyticus from the urines of patients with urinary calculi were incubated for 2 weeks, and either the whole broth or vacuum-dehydrated solids were utilized as antigens. These same cultures were repeated after adding total and fractionated lyophilized nondialyzable urinary solids (3 mg per ml) from normal urine to the broth before inoculation. As a further test, 60 ml of fresh normal urine to which 60 mg of normal fraction R-1 had been added was inoculated with P. mirabilis and incubated at 370C for 2 days. After removing the organisms by centrifugation, the supernates from these various cultures were tested for immunological reactivity to matrix immune serum.
Five patients with large calculi were studied by a special technique. Prior to surgery, one to three 24-hour urine specimens were processed to obtain samples of the TNDS and the RS-1 and R-1 fractions. The organisms recovered from the urine were preserved in thioglycolate broth. At surgery, all calculous material from each patient was processed for recovery of the total matrix. Three test substances were thus available from each patient: the bacteria, the urinary mucosubstances, and the stone matrix.
Preparation of immune serum. The rabbit matrix immune serum was prepared by foot-pad injections of suspensions of lyophilized matrix or other antigen in complete Freund's adjuvant (10) . Sera from adult rabbits, which had been injected with the same antigen, were pooled. In addition to immune serum prepared with pooled matrix, one to four "batches" of immune serum were prepared for matrix from ten individual calculi. The predominant crystalline composition of these included three magnesium ammonium phosphate calculi, three apatite phosphate calculi, three oxalate calculi, and one mixed apatite and oxalate monohydrate calculus.
Unfractionated immune rabbit serum was used in all experiments reported here.
Test procedures for immunological reactivity. Previously described methods (10) , utilizing the Ouchterlony agar gel plates, were followed. The plates with 6 peripheral circular wells of 0.3 ml capacity and 10 mm distance from the center well were suitable for this study, in which comparison of precipitin reactions of a large number of unknowns was desirable. A control well in each plate insured that the observed results were due to immunological reactions rather than to changes in concentration or other mechanical artifacts. Particular attention was paid to negative reactions; i.e., failure of a precipitin zone to appear in agar gel diffusions of matrix with any of the various immune sera, or persistence of a precipitin zone after the immune serum had been absorbed with a potential antigen. In these instances, the test substance was made up in approximately a saturated solution (usually 3 to 9 mg per ml). Beginning with the concentrated solution, serial dilutions were made to 1: 1,000 of the original concentrate and these were tubed against the immune serum in an effort to cross the zone of optimum antibody concentration.
The In all of these experiments one zone of precipitation appeared first, persisted indefinitely in the gel, and was usually the most dense, indicating that it represented the largest quantity of antibodyantigen complex. The zone of precipitation, which appeared in all Ouchterlony plates containing matrix versus matrix immune sera, invariably gave a "reaction of identity" with other matrices. Designated "matrix substance A," it is demonstrated in Figure 1 , and in the subsequent figures.
On the other hand, matrix immune sera gave no immunological reactivity with human erythrocyte membranes, human bone matrix, human saliva, or salivary stone matrix.
The Ouchterlony plates containing matrix immune sera revealed one to four distinct zones of precipitation with whole matrix in all preparations. This indicated that the antigens (and consequently the generated antibodies) were multiple. Matrices from 39 individual calculi were separately tested against three matrix immune sera prepared from matrices of calculi of different crystalline composition. In a single test of each preparation, four precipitin zones appeared in 1, three zones in 5, two zones in 18, and one zone in 13. However, further testing of these same matrices in varying concentrations against other matrix immune sera revealed more than one antigenic substance in 38 of the specimens.
When the only seemingly "pure" matrix from among these 39 calculi was itself used as the antigen for preparation of matrix immune serum, the resulting antiserum gave two precipitin zones in Ouchterlony plates with the original antigen and with a number of matrices from other calculi. One zone was matrix substance A; the other was a component of normal urine. This matrix material gave an analysis of 17.5 per cent hexose, 5 per cent ash, 7.5 per cent nitrogen, 0.4 per cent hexosamine, a trace of hexuronic acid, and no sialic acid.
In general, the smooth, very dense apatite and calcium oxalate monohydrate calculi, from patients with minimal signs of urinary infection, contained matrix with only one or two zones of immunological reactivity with the various antisera. The more porous calculi, composed preponderantly of large crystals of magnesium ammonium phosphate and tricalcium phosphate, contained matrices with the greatest number of immunologically reactive substances. These crystalline types commonly occtur in the presence of uri-nary infection and relatively high urinary pH. The small (50 to 150 mg) calcium oxalate dihydrate calculi recovered from patients with sterile urine and relatively low urinary pH deserve special attention. These calculi have a prickly surface and invariably contain a smooth nuclear spherule of 1 to 2 mm in diameter, which is composed of apatite with a variable admixture of calcium oxalate monohydrate. This spherule is considered to represent the "true concretion"; the calcium oxalate dihydrate crystals are considered to represent surface crystallization of the type that occurs on a silk thread suspended in normal urine of low pH. These calculi contained relatively less matrix substance A and relatively more zones of precipitation reactive to normal urinary protein immune sera (anti-TNDS serum) than any other calculi. This is illustrated in Figure 1 , well 5. The relative increase in urinary proteins is attributed to a greater extent of entrapment of these substances within the interstices of the large calcium oxalate dihydrate crystals (11 Center well contains matrix immune serum prepared with antigen from staghorn calculus from a patient with P. mirabilis infection. Note the reaction of identity between serum and TNDS of normal urine and one of the zones of precipitation appearing in the matrix preparations. Note complete crossing of precipitin zones at wells 1 and 6, indicating reaction of nonidentity between matrix substance A and serum or normal urinary solids. sera gave one or two zones of precipitation. Twelve of 25 calculi recovered from patients known to have had bacterial urinary infections, including 7 of 8 staghorn calculi, contained one or two substances immunologically reactive with rabbit serum immune to human serum proteins (Figure 2) . Absorption of the matrix immune serum with human serum prevented the appearance of one or two of the lesser zones of reactivity to stone matrix but did not alter the major reactive zone (substance A) described in Section I above (Figures 3 and 4) . In summary, the presence of one or more components with immunological reactivity to components of blood serum has been demonstrated in approximately one-half of calculi weighing more than 3 g. Such components were common in patients known to have had urinary infections, but were not demonstrable in many calculi from patients who had no evidence of urinary infection.
Section III. Presence of nondialyzable solids of normal urine in urinary calculi
A. Uromucoid (R-1) fraction from normal urine. The R-1 fraction of urinary mucosubstances is 1183 highly antigenic and regularly produces rabbit immune serum of high titer (10) . In the ten preparations of matrix immune sera, involving 36 rabbits, and in tests of samples of R-1 from 21 normal persons, purified by reprecipitation from distilled water with 0.58 M NaCl, only two positive precipitin reactions between R-1 and rabbit antimatrix serum were observed. In both instances, the precipitin zones in gel plates were barely detectable and occurred at concentrations of R-1 approximately one-tenth of that required for crude matrix. Absorption of matrix immune serum with as little as 1 mg R-1 per ml of serum completely abolished the immunologic response to R-1 without affecting the substance "A" responses to whole matrix illustrated in Figure 1 .
On the other hand, rabbit immune serum prepared with pure R-1 antigen gave a detectable immunological response to matrices from 17 of 26 individual calculi. It was necessary to increase the matrix concentration by three-to sixfold above that required for the demonstrations of Figure 3 after absorption with human serum and removal of the precipitate prior to diffusion. Concentrations of test substances in peripheral wells are the same as in Figure 3 . This immune serum will give a precipitin reaction with R-1 solids of normal urine but requires much greater relative concentrations of R-1 than exist in the TNDS in well 5. (Figure 5 ). Furthermore, they were abolished by prior absorption of the matrix immune serum with total nondialyzable solids of normal urine, leaving the matrix reaction unaltered (Figure 6) . Absorption of the matrix immune serum with human blood plasma usually removed all but one of the RS-1 reactive substances, which could then be removed by absorption with R-1 solids of normal urine.
FIG. 5. RELATIVE DENSITY OF PRECIPITIN REACTIONS
C. The nondialyzable but ultrafiltrable solids of normal urine (fraction UF-O). This fraction gave no immunological reaction with any preparation of matrix immune serum.
Section IV. Presence of nondialyzable components of the urine of calculauts patients in urinary calculi.
A. The veronal-insoluble nonultrafiltrable (R-1) fractions of urine from 26 patients with urinary calculi. These were tested against the ten preparations of matrix immune serum and 22 of the fractions gave immunological reactions of identity, with the matrix reaction described in Section I, with all of the matrix immune serum preparations. However, this reaction of identity with matrix substance A was removed from the calculous R-1 by repeated extractions with 0.58 M NaCl. The residue gave good immunological response to normal R-1 immune serum after the immunological reaction of matrix substance A to matrix immune serum was completely removed.
Matrix substance A is thus demonstrated to be Figure 5 , with the exception of the apatite matrix immune serum in the center well, which has been absorbed with TNDS from normal urine. distinctly different immunologically from the R-1 fraction in normal and calculous urine, while the latter are immunologically identical. Matrix substance A tends to remain as a contaminant of R-1 fraction of calculous urine unless it is thoroughly washed with 0.58 M NaCl or with veronal buffer.
B. The veronal-soluble nonultrafiltrable RS-1 components of calculous urine. Thirty patients with recent calculous growth and bilateral or very large calculi were studied. The RS-1 of every patient gave a distinct zone of precipitation with reaction of identity with calculous matrix substance A and matrix immune serum ( Figure 7) . As judged by the density and length of the zones of precipitation, there was considerable variation in the quantity of substance A relative to the total RS-1 in these various urine specimens. In many preparations one or two additional zones of precipitin reaction were also observed in the gel diffusion plates (Figure 8 ). These were removed by absorption of the matrix immune serum with either TNDS of normal urine or with normal blood serum (Figure 9 ). Patients from the stone clinic, who were known to have had calculi in the past but who had not formed calculi in the preceding 12 months, were requested to submit 24-hour urine specimens to examination. The RS-1 solids from 2 patients gave a barely detectable reaction of identity with stone matrix substance A, and 23 failed to give such reaction. When pooled RS-1 fraction from patients who were active stone-formers was placed on a DEAEcellulose column (in the hydroxide form) and eluted first with water and then with 0.05 M Na2HPO4, material serologically identical with substance A came off in the second eluate, but none in subsequent eluates with a salt gradient. The reactive portion of the eluate was precipitable between 40 Figure 8 ; center well contains the same immune serum after absorption. for 16 years and had advanced osteoporosis with urinary calcium excretion rates consistently below 50 mg per 24 hours. The reactive substance was found in the RS-1 fraction of the urine. Broth cultures of nine species of bacteria commonly associated with stone formation were tested for the presence of substances with immunological reactivity to six preparations of matrix immune serum. No precipitin activity was found by either tube dilution or gel diffusion techniques (Figure 10) .
When the R-1, RS-1, or TNDS from normal urine was added to the broth cultures and incubation repeated, no evidence of any immunological reactivity of these preparations to matrix immune sera could be demonstrated (Figures 11 and 12 ). Any precipitation observed in these preparations was demonstrated to result from the presence of antibodies to normal urinary solids in the antimatrix sera. DISCUSSION (8) have published data relative to immunological properties of renal calculous matrix. We find no contradictions in the data derived from their study of antisera protein specifically combined with insoluble matrix and the data derived from the Ouchterlony gel diffusion techniques reported here. The techniques employed by these investigators provide information relative to the sum of all antibodyantigen reactions occurring in their various test substances. It is apparent that immunological reactivity of normal urine to matrix immune serum is due to small amounts of urinary proteins present in matrix pooled from many calculi. The reactivity of calculous urine to such matrix immune serum represents the sum of normal urinary protein and matrix substance A antigen-antibody systems. It 2. It is present in the nonultrafiltrable, veronalsoluble fraction of urine from patients forming urinary calculi. Considerable variation in the concentration of substance A in the RS-1 solids of urine of calculous patients has been noted. By the techniques employed,-it was demonstrable in only 68 per cent of unselected calculous patients on test of a single 24-hour specimen of urine. Repeated testing of urine will increase the number of positive urines to approach 100 per cent in patients who recently formed calculi. In patients who had formed only one calculus per year, this matrix substance was demonstrable in only 8 per cent of single urine specimens.
Anderson, Lepper and Winzler
3. Quantitatively it is probably the largest component of matrix. When whole matrix is the antigen, the antibody titer to this component is consistently greater than that of other antigens in matrix. Progressive dilutions either of matrix or of antiserum will result in complete loss of Ouchterlony precipitin zones of all other antigens before the matrix component A system is appreciably affected.
4. The matrix immune serum, after absorption with human serum and TNDS of normal urine, has no immunological reactivity with blood serum or nondialyzable urinary solids of normal persons, but retains its immunological reactivity for matrix substance A both in calculi and in urine from calculous patients.
5. Pathogenic bacteria recovered from urine of calculous disease patients make no contribution to the precipitin-forming antigenic components of stone matrix, either from their metabolites, bacterial cell bodies, or enzymatic action on nondialyzable solids of normal urine.
Present data indicate that matrix substance A occurs only in calculi and inconstantly in the freshly voided urine of stone-forming patients. The presence of this material in the urine indicates that it is not an artifact produced in the calculus either during its retention in the urinary tract or in the process of recovery of the matrix. Absence of this material from body fluids other than urine suggests the urinary system as the origin. Studies now being reported indicate that the urinary system below the collecting tubules is not the source of this material (13) . The renal parenchyma is thus considered to be the most probable source. Anderson and colleagues' observation of a positive correlation between 24-hour volume and matrix immune serum reactivity of calculous urine may be due to the renal excretion or exudation of this material. If bacteria are involved in its production, their action must be a localized effect upon renal parenchymal cells.
The insolubility of matrix substance A recovered from calculi as compared with the relatively high solubility of this substance in calculous urine may be due to "denaturation" of a proteinaceous material.
SUMMARY
Calcigerous stone matrix contains at least two and commonly three or more immunologically discrete components.
Some of these components have immunological counterparts in normal human blood serum and in the total nondialyzable solids of normal urine.
One component of stone matrix is immunologically more prominent than any of the others. It gives a "reaction of identity" with matrix from all calcigerous calculi. It has been identified only in the matrix of urinary calculi and in the relatively soluble nonultrafiltrable (RS-1) solids of urine from patients with renal calculi. This component of stone matrix is designated "matrix substance A" pending its isolation and further characterization.
Matrix substance A has not been immunologically identifiable in normal or pyelonephritic urine, in serum or erythrocytes of normal subjects or patients with stones, in blood or matrix from human bone, or in human saliva. Bacteria recovered from patients with calculi have not produced a substance immunologically reactive to matrix immune sera either in pure culture or in cultures containing total nondialyzable solids of normal urine.
